We present the results of flux density, spectral index, and polarization intra-night monitoring studies of a sample of eight optically bright blazars, carried out by employing several small to moderate aperture (0.4 m to 1.5 m diameter) telescopes fitted with CCDs and polarimeters located in Europe, India, and Japan. The duty cycle of flux variability for the targets is found to be ∼ 45 percent, similar to that reported in earlier studies. The computed two-point spectral indices are found to be between 0.65 to 1.87 for our sample, comprised of low-and intermediate frequency peaked blazars, with one exception; they are also found to be statistically variable for about half the instances where 'confirmed' variability is detected in flux density. In the analysis of the spectral evolution of the targets on hourly timescale, a counter-clockwise loop (soft-lagging) is noted in the flux-spectral index plane on two occasions, and in one case a clear spectral flattening with the decreasing flux is observed. In our data set, we also observe a variety of flux-polarization degree variability patterns, including instances with a relatively straightforward anti-correlation, correlation, or counterclockwise looping. These changes are typically reflected in the flux-polarization angle plane: the anti-correlation between the flux and polarization degree is accompanied by an anti-correlation between the polarization angle and flux, while the counterclockwise flux-PD looping behaviour is accompanied by a clockwise looping in the flux-polarization angle representation. We discuss our findings in the framework of the internal shock scenario for blazar sources.
INTRODUCTION
Characterized by large flux density and polarization variability, blazars form a major class of active galactic nuclei (AGN), for which the total radiative output is dominated by magnetized, relativistic plasma outflows -jets -launched from the center of massive elliptical galaxies (e.g., Urry & Padovani 1995; Padovani et al. 2017) . The blazar family includes flat-spectrum radio-loud quasars (FS-RQs) and BL Lacertae objects (BL Lacs), the former of which have prominent emission lines in their optical spectra while the latter have very weak or undetectable lines. A blazar broadband spectral energy distribution (SED) is composed of two peaks: (1) a low energy segment ranging from radio to optical frequencies (sometimes extending up to X-rays in case of BL Lac objects) which is unequivocally attributed to synchrotron radiation of charged particles accelerated up to TeV energies; and (2) a high energy segment ranging from optical/X-rays up to GeV/TeV γ−ray frequencies which is attributed to inverse-Compton (IC) radiation of the seed photons produced locally (Synchrotron Self-Compton; SSC) or externally (External Compton; EC) to the jet plasma within the leptonic emission scenarios (e.g., Madejski & Sikora 2016 , and references therein). Alternatively, in 'hadronic' scenarios for emission, the higherfrequency radiation peak is believed to originate from protons accelerated to PeV-EeV energies which could produce γ-rays via either direct synchrotron process, or meson decay and synchrotron emission by the secondaries produced in proton-photon interactions (e.g., Böttcher et al. 2013) .
Depending on the timescales over which the flux density variations were seen, the blazar variability is conventionally divided into long-term (years to months), shortterm (months to weeks) and intra-night/day variability (INV/IDV) or microvariability (e.g., Wagner & Witzel 1995; Ghosh et al. 2000) . While the long-term variability easily can be reconciled within the standard paradigms of blazar emission models with modestly Doppler boosted relativistic jets (δ ∼10-20; Maraschi et al. 1992; Abdo et al. 2011b,a) , sub-hour variability, especially at γ−ray energies, could be accounted for only with extremely large δ's (>30-50; Aharonian et al. 2007; Begelman et al. 2008) or with non-standard interpretations (i.e., a synchrotron origin of the γ−ray flare in FSRQ 3C 279; Ackermann et al. 2016) . Efficient energy dissipation is needed to ensure flux density variations on the smallest spatial scales and while there is no consensus on the main energy dissipation mechanism, the most favored candidates include plasma instabilities which lead to the formation of shocks and turbulence in the jet flow (e.g., Spada et al. 2001; Agudo et al. 2011) , or alternatively, an annihilation of magnetic field lines of opposite polarity transferring energy from the field to the particles at the magnetic reconnection sites (Sironi et al. 2015) . Alternatively, many rapid flux density variations could be explained by geometrical effects involving small changes in the direction of motion of the jet plasma (Gopal-Krishna & Wiita 1992; Camenzind & Krockenberger 1992; Meyer 2018) .
The evolution of colour or the spectral index, α, (F(ν) ∝ ν −α where ν is the radiation frequency and F(ν) is the flux density provides an insight into the particle distribution giving rise to the observed flux density and its variability. In particular, at the synchrotron frequencies, within the simplest scenario of single-zone emission models with homogeneous magnetic field distributions, clear patterns between the spectral index and the total intensity are predicted, i.e., a "spectral hysteresis", depending on the relative lengths of the radiative cooling timescale and the escape timescale of the accelerated particles from the emission zone (e.g., Kirk et al. 1998) . A significant fraction of long-term multiband flux monitoring studies have revealed bluer-when-brighter trends for BL Lac objects but frequently redder-whenbrighter trends for FSRQs (Gu et al. 2006; Osterman Meyer et al. 2009; Rani et al. 2010; Hao et al. 2010; Ikejiri et al. 2011; Bonning et al. 2012; Sandrinelli et al. 2014; Meng et al. 2018; Li et al. 2018; Gupta et al. 2019) while 'achromatic' flux variability (no colour evolution, Gaur et al. 2019; Bonning et al. 2012; Stalin et al. 2006) , and erratic patterns (Wierzcholska et al. 2015) have also been reported. It has been argued that particles accelerated to higher energies are injected at the emission zone before being cooled radiatively in BL Lac sources leading to their overall SEDs being bluer-when-brighter; however, the 'redder' and more variable jet-component can overwhelm the 'bluer' contribution from the accretion disc, leading to redder-when-brighter trends for FSRQ type sources (Gu et al. 2006 ). Achromatic variability is often ascribed to changes in the Doppler boosting factor (δ) as each frequency notes the same special relativistic multiplication of flux (Gaur et al. 2012 ). However, erratic colour trends together with the opposite behaviours, i.e., redder-when-brighter changes for BL Lacs (Gu & Ai 2011) and bluer-when-brighter trends for FSRQs (Wu et al. 2011 ), indicate that more complex scenarios, presumably involving the dominance of the relative contributions of the Doppler boosted jet emission component and the accretion disc component, respectively, are particularly relevant for blazars with peak synchrotron frequencies in the range of 10 13−15 Hz (low-frequency peaked blazars; Isler et al. 2017; Gopal-Krishna et al. 2019) .
Polarization variability, i.e., changes in the polarization degree (PD) and/or the electric vector polarization angle ( χ) is yet another diagnostic to probe emission scenarios. The PD is a measure of the structure of the magnetic field and the χ traces the direction of the projected magnetic field (being perpendicular to it) on the sky. For the simple case of a single emission zone, the maximum PD is ≈70% for a power-law distribution of elections with energy index ≈2 and uniform pitch angle distribution, immersed in a uniform magnetic field (Rybicki & Lightman 1986 ). Blazars often show ∼1-30% PDs at optical frequencies (Mead et al. 1990; Ikejiri et al. 2011; Jermak et al. 2016; Angelakis et al. 2016) , indicating highly ordered magnetic fields at the emission sites in some cases. Moreover, the abrupt rotation of χ observed during outbursts has been taken as a signature of shocks in the jet (Marscher & Gear 1985; Jorstad et al. 2007; Marscher et al. 2008; Hughes et al. 2011; Saito et al. 2015) . Indeed, statistically significant correlations between swings of χ and γ−rays flares have been noted (Blinov et al. 2016 ). However, the distributions of Q and U Stokes intensities in the (Q, U) plane often indicate a random-walk type of behaviour, suggesting that many emission regions with different magnetic field orientations contribute to the aggregate emission over longer monitoring periods (Moore et al. 1982; Villforth et al. 2010; Gupta et al. 2019) . Therefore, strictly simultaneous polarization monitoring, coupled with flux monitoring at a few frequencies, is an important step towards understanding the physical processes in blazar jets.
Only a handful of studies have probed the colour and polarization evolutions of blazars on microvariability timescales. In particular, Stalin et al. (2006) showed that BL Lacertae exhibited 'bluer-when-brighter' trends while S5 0716+714 showed achromatic trends during intra-night monitoring sessions carried out in 1996 and 2000-2001. For BL Lac alone, bluer-when-brighter trends on intra-night timescales have often been observed during different monitoring campaigns (1999 Papadakis et al. 2003 Papadakis et al. ), (2012 Papadakis et al. -2016 Meng et al. 2017 Meng et al. ) and (2014 Meng et al. -2016 Gaur et al. 2017) . For the blazar S5 0716+714, Dai et al. (2013) noted bluerwhen-brighter trends during the intra-night monitoring carried out in 2004-2011 while Zhang et al. (2018) showed that the blazar exhibited both achromatic and bluer-whenbrighter trends during the monitoring session carried out in 2013-2016. As for polarization variations, the blazar population in general shows significantly variable polarization on intra-night timescales if the PD is found to be more than 5% (Villforth et al. 2009 ). A highly polarized (PD∼50%) microflare was observed for the blazar S5 0716+714 during the Whole Earth Blazar Telescope campaign carried out in 2014 (Bhatta et al. 2015 ). An orphan flare in polarized flux density was observed for the blazar CTA 102 (Itoh et al. 2013) . Intense variability in total flux density, polarized flux density, and χ was noted for BL Lacertae while the blazar PKS 1424+240 remained steady during the study by Covino et al. (2015) . In this context, the present study aims to expand efforts to probe physical conditions on microvariability timescales through systematic multiband flux and polarization monitoring for a well-defined sample of blazars with well-known microvariability properties.
Here we present the results of our monitoring campaign to characterize the flux (B, V, R, and I band), colour (or spectral index), and polarization microvariability for a sample of eight bright blazars, each observed for a continuous monitoring duration of ≥3 hours using several telescopes fitted with charge-coupled devices (CCDs) and polarimeters. Our aim was to obtain strictly simultaneous observations in flux and polarization by coordinated monitoring between two observatories, one serving as a photometer for flux monitoring while the other was equipped with a polarimeter to obtain PD and χ. However, our observations were severely limited by weather conditions and despite several attempts at coordinated monitoring, we could obtain strictly simultaneous data only on a few occasions. The data presented in this study were obtained in the years 2014 to 2017. In Sections 2 and 3, we describe the sample selection and data gathering, reduction and generation of differential light curves (DLCs). Section 4 describes the methodology for estimation of variability parameters. Results are given in Sections 5 with Section 6 listing the conclusions of the study.
SAMPLE SELECTION
The blazars monitored in the study are chosen from the sample of Goyal et al. (2013b) aside from the addition of CTA 102 (Itoh et al. 2013 ), based on their established microvariability properties. We briefly recall here the selection criteria for our monitoring. The source must: (i) be persis- tently bright (<18 V-mag), to be able to obtain measurements with few percent accuracies in a few minutes of integration time with 0.4-1.5 m class telescopes; (ii) have declination greater than +20 • , to ensure the target's visibility for a continuous monitoring duration of more than 3 hours from the telescope sites used in this study; (iii) have good (non-variable) comparison stars of comparable magnitude available within a few arcminute radius of the target blazar to ensure calibration of the instrumental magnitudes to the standard Landolt photometric system. Table 1 gives the basic parameters of the blazars observed in the present study.
DATA ACQUISITION, REDUCTION AND ANALYSIS

Multiband flux monitoring
We employed four telescopes to carry out the intra-night flux monitoring in at least two frequencies on a given observing session. Below we give the details on the observatories and the instruments used, with the differential photometry for seven blazars discussed in this subsection and the polarimetry for seven blazars (six of them also in the photometry sample) in the following one.
(i) 50 cm Cassegrain (50 Cass), Poland: A significant fraction of the intra-night observations presented in this study were obtained with the 50 cm aperture diameter Cassegrain telescope of the Astronomical Observatory of the Jagiellonian University (AOJU), located in Kraków, Poland. This telescope is of the Ritchey-Chrétien (RC) design with f/6.7 beam at the Cassegrain focus. The detector was a thermoelectric cooled with variable gain settings which are selected by the observer during the observations. We used readout noise set to 2.9 e − /pixel and gain to 4 e − /ADU during the observations. The CCD chip is 1024×1024 pixels and a corresponding image scale of 0.70 arcsec/pixel which covers a total of 12 × 12 on the sky (Zola et al. 2012) .
(ii) 104 cm Sampurnanand Telescope (ST) and 130 cm Devesthal Fast Optical Telescope (DFOT), India: We used 104 cm Sampurnanand telescope (ST) located at Naini Tal and 130 cm Devesthal Optical Telescope, located at Deveshtal site of the Kumaun region. Both facilities are run by the Aryabhatta Research Institute of observational sciencES (ARIES), India. The ST has an RC optics with a f/13 beam (Sagar 1999) . The detector was a cryogenically cooled 2048 × 2048 chip mounted at the Cassegrain focus. This chip has a readout noise of 5.3 e − /pixel and a gain of 10 e − /Analog to Digital Unit (ADU) in slow readout mode. Each pixel has a dimension of 24 µm 2 which corresponds to 0.37 arcsec 2 on the sky, covering a total field of 13 × 13 . The 130 cm DFOT has a modified RC design with an f/4 beam at the focus (Sagar et al. 2010) . The gain and read out noise are 1.39 e − /ADU and 6.14 e − /pixel. Each pixel in the CCD has a dimension of 13.5 µm which corresponds to 0.29 arcsec/pixel. The 2500×2500 chip covers a total of 12 × 12 .
(iii) ASTELCO 60 cm Cassegrain telescope (IST-60), Turkey: Lastly, we used the 60 cm IST-60 telescope of the Ulupınar Observatory, located atÇannakle, Turkey. The IST-60 has RC optics with a f/8 beam. The detector was a cryogenically cooled 1024 × 1024 chip mounted at the Cassegrain focus. This chip has a readout noise of 10 e − /pixel and a gain of 2 e − /ADU. Each pixel has a dimension of 24 µm 2 which corresponds to 0.58 arcsec 2 on the sky, covering a total field of 13 × 13 .
The observing strategy consisted of obtaining consecutive images of the blazar field in at least two optical bands (B, V, R, and I), with the integration time roughly ranging from 2-5 minutes, depending on the brightness of the blazar and the transparency of the sky from the given telescope site. In such a manner, data were gathered for a continuous monitoring period of longer than 3 hours. This criterion was chosen to homogeneously characterize flux and colour variability on microvariability timescales; however, we note that about two-thirds of these observations were conducted for over 5 hours, with the longest around 6.5 hours. The calibration images (bias and flat frames) were obtained either just before or soon after the monitoring period of each night.
The details of the reduction procedure are given in (Goyal et al. 2012 , and references therein) and here we briefly recall the main features. The data reduction of raw CCD images was conducted using the Image Reduction and Analysis Facility (IRAF) 1 software package. The procedure begins with bias subtraction, followed by flat-fielding and cosmicray removal of the target images. The instrumental magni- Columns: (1) Source name and the comparison stars used (in parentheses, we note the designation assigned to the star used in the reference given in column 8);
(2) right ascension; (3) declination; (4),(5),(6),(7) -apparent magnitudes in B, V, R and I-bands, respectively; (8) reference for the comparison star magnitudes: (a) Ciprini et al. (2003) , (b) González-Pérez et al. (2001) , (c) Raiteri et al. (1998) .
tudes of the target blazar and the stars (all point-like) in the image frames were determined by aperture photometry using APPHOT. The magnitude of the target blazars was measured relative to a few apparently steady comparison stars present on the same CCD frame (termed as S1, S2, S3). Among the few DLCs of comparison stars, we chose the starstar pair which showed the least variance during the monitoring session. In this manner, the Differential Light Curves (DLCs) for the blazar (against the selected two comparison stars) and the comparison stars (between each other) were derived. The corresponding target-star and star-star DLCs are denoted as 'BL-S1', 'BL-S2', 'S1-S2', respectively. Basic information about the comparison stars is given in Table 2 .
It has been noted that blazar DLCs could indicate spurious INV detection if the blazar differs much in brightness from the comparison star(s) used to produce the DLCs(e.g., Cellone et al. 2007) . Therefore, in our analysis, we used comparison stars which were within one magnitude of the target blazar. Also, spurious variability on account of different second-order extinction coefficients for the blazar and the comparison stars can also be problematic if the target blazar and the comparison stars have very different optical colours. However, we note that even for colour differences of up to 1.5 mag, the differential extinction of photons travelling through varying air masses do not influence significantly the derived INV parameters given their typical flux measurement uncertainties ( 0.005-0.03 mag, including the observations analysed here; Stalin et al. 2004; Goyal et al. 2013b ). For each night, an optimum aperture radius for the photometry was chosen by identifying the minimum dispersion in the starstar DLC, starting from the median seeing (i.e., full width at half maxima) value on that monitoring session to four times that value. Typically, the selected aperture radius was ∼ 4 − 8 and the effective seeing was ∼ 3 .
Since we performed intra-night monitoring in multiple optical frequencies, we also derived a 'colour (apparent magnitude difference in two frequency bands)' DLC (CDLC) which is defined as the difference of blazar-star light curve in one frequency band to the second frequency band. We chose the two most distant frequency bands available during the monitoring session to produce CDLCs. We note that a CDLC also contains the contribution of the steady star colour ( Table 2 ) and hence the blazar colour could be obtained by subtracting the colour of the steady star concerned (Table 2) . Finally, we computed the two-point spectral index, α ν 2 ν 1 , which is related to colour(ν 1 , ν 2 ) by
where ν 1 and ν 2 refer to central frequencies of the passbands while F(0, ν 1 ) and F(0, ν 2 ) refer to zero point magnitude fluxes of the frequency bands. For the photometric system system used in our observations, these are 4063 Jy, 3636 Jy, 3064 Jy, and 2635 Jy for the B, V, R, and I-bands, respectively (Glass 1999) . The statistical error on α ν 2 ν 1 was derived using the standard error propagation formula (Bevington & Robinson 2003) .
Our entire intra-night data are summarized in Table 3 , and the newly acquired DLCs are shown in Figure 1 . Additionally, we also searched for the presence of colour microvariability in CDLCs using the F−test and the significance criterion adopted for flux microvariability detection (see Section 4.1). Table 4 provides the summary of colour microvariability for the CDLCs in our monitoring, along with the 'mean' differential colour and two-point spectral index of the blazar on a given session.
Summary of polarization monitoring
We employed three other telescopes to carry out the intranight polarization monitoring for the sample. Below we give key information on these observatories and instruments.
(i) 150 cm Kanata, Japan: A portion of our polarization microvariability light curves come from monitoring using the 150 cm Kanata telescope, run by Higashi-Hiroshima Observatory, Japan. We used Hiroshima One-shot Widefield Polarimeter (HOWPol; Kawabata et al. 2008) which is installed at the Nasmyth focus of the telescope. The polarimetric observations were performed using the Cousins R c -filter.
(ii) 70 cm AZT-8+ST7, Russia: We used the 70 cm AZT-8+ST7 telescope of Crimean Astrophysical Observatory, located at Nauchnij, Russia for a large number of polarimetric measurements. The observations were carried out in R-band (Larionov et al. 2013 (Larionov et al. , 2016 .
(iii) 40 cm LX-200, Russia: Lastly, we used the 40 cm LX-200 telescope of St. Petersburg State University, located at St. Petersburg, Russia for a comparable number of observations. The observations were carried out in white-band (Larionov et al. 2013 (Larionov et al. , 2016 .
Our observing strategy consisted of obtaining successive images at four position angles of the half-wave plate, of 0 • , 45 • , 22.5 • , and 67.5 • , for a continuous monitoring duration lasting for more than 3 hours. The calibration images, bias, and flat-frames were obtained either just before or soon after the target observations. In addition, un-polarized and highly polarized standard stars were observed to set the instrumental polarization and the position angle of the instrument. The observations were conducted using R-band at Kanata and AZT-8+ST7 and white light at LX-200. The details of data reduction from AZT-8+ST7 and LX-200 telescopes are given in Larionov et al. (2008 Larionov et al. ( , 2013 Larionov et al. ( , 2016 .
For the Kanata data, the pre-processing (bias subtraction and flat-fielding) of the images were carried out using standard procedures in IRAF. The flux of the target in each half-wave plate combination was gathered using the aperture photometry in the APPHOT package. This enables the measurement of PD and χ for the target while the total intensity was computed using differential photometry using the comparison star on the same CCD frame. The polarizer splits the radiation into two parts, with orthogonal electric field components which are denoted as 'ordinary', I o ) and 'extra-ordinary' I e , images. The fluxes of I o and I e images are thus obtained for the blazar and the comparison star using a circular aperture that is roughly 2-3 times larger than the median seeing disc on the given night. The fractional linear polarization (PD) is computed following the methodology given by Wang et al. (2015) :
where, Q and U are the Stokes parameters which are determined from:
where I e ( 
Statistical errors on Q and U are obtained following standard error propagation (Bevington & Robinson 2003) and assuming Poisson statistics, meaning δI e = √ I e and δI o = √ I o , etc., for each HWP combination. Table 5 presents the polarization data on all 30 monitoring sessions while Figure 2 shows the light curves for which more than 10 data points, without any large gaps, were available for a monitoring session.
ANALYSIS OF INTRA-NIGHT LIGHT CURVES
Determination of microvariability parameters in the DLCs
Following Goyal et al. (2013b) , we used the F−test for assigning the INV detection significance. The F−statistic compares the observed variance V obs to the expected variance V exp . The null hypothesis of no variability is rejected when the ratio
exceeds a critical value for a chosen significance level α, for a given number of degrees of freedom (DOF) ν; here V t−s is the variance of the 'target-star' DLC, σ 2 t−s is the mean of the squares of the (formal) rms errors of the individual data (2) date of observation ( * indicates the simultaneous flux density and polarization monitoring between two observatories); (3) telescope used: ST = 104 cm Sampurnanand Telescope (India), DFOT = 130 cm Devesthal Fast Optical Telescope (India), 50 Cass = 50 cm Cassegrain telescope (Poland), IST60 = 60 cm Cassegrain telescope (Turkey); (4) filter used; (5) duration of monitoring; (6) number of data points; (7) rms of the star-star DLC; (8) INV peak-to-peak amplitude (ψ); (9) F-values computed for the BL-S1 and BL-S2 DLCs (variability status for the corresponding DLC); (10) F-value for the (S1-S2) DLC (variability status for the DLC); (11) 
points in the 'target-star' DLC. We note that one-way Analysis of Variance (ANOVA; De Diego 2010, see also, De Diego 2014 for the enhanced F−test which requires usage of multiple star-star DLCs) could also be used to test for microvariability and has some advantages; however, a robust implementation of this approach requires a sufficiently large number of data points (>30). Since our aim was to study colour evolution along with polarization on intra-night timescales, the number of data points in a single optical band rarely satisfied this condition. Therefore, we use the F−test to assign the INV detection in the DLCs. Since this method requires flux density or magnitude estimates along with their error estimates, it is important to determine the photometric errors accurately. As emphasized in several independent studies, the photometric errors returned by APPHOT are significantly underestimated (by factors of η = 1.3-1.7; Gopal- Garcia et al. 1999; Stalin et al. 2004; Bachev et al. 2005; Zhang et al. 2018 ). Goyal et al. (2013a) obtained η =1.54±0.05, using 262 steady star-star DLCs and involving intra-night observations with three different telescopes located in India. Thus, η =1.54 has been used in the present analysis to scale up the photometric magnitude errors returned by IRAF.
Krishna
The significance level set for a given test determines the expected number of false positives, which is an indicator of the robustness of the test. We have chosen two significance levels, α = 0.01 and 0.05, corresponding to p−values of 0.99 and 0.95, respectively. Since the smaller the value of α is, the less likely it is for the variability to occur by chance, thus, a genuine INV detection is claimed, i.e., a 'variable' designation (V) is assigned, if the computed statistic value is above the critical value corresponding to p > 0.99 (i.e., α = 0.01) for a given degree of freedom (ν = N p − 1, where N p stands for the number of data points in a given DLC). We assign a 'probable variable' designation (PV) when the computed test statistic value is found to be between the critical values at α = 0.01 and 0.05; otherwise, a 'non-variable' (N) designation is assigned to a DLC, though of course variability could still be present but at a lower level of significance. All the three DLCs, i.e., BL−S1, BL−S2, and S1−S2, are subjected to the F−test analysis. In a few cases, the microvariability status was different for the two blazar-star DLCs, and this indicated a small amplitude variation of one or the other comparison stars was likely to be present. Since such small amplitude variations in star-star DLCs are difficult to ascertain, we conservatively only ascribed a "V" status if both blazar-star DLCs gave a "V" status; otherwise, we quote a"PV" or "N" status if the star-star DLC itself turned to be variable. Table 3 summarizes the analysis results for the seven blazars (except 3C 279) for which the multiband flux density monitoring was carried out.
Following Romero et al. (1999) the peak-to-peak microvariability amplitude was calculated as
with D min/max denoting the minimum/maximum in the DLC of the source, and σ 2 = η 2 σ 2 i where η = 1.54 (Goyal et al. 2013a ) and σ i is the nominal error associated with each data point.
The microvariability duty cycle (DC) was computed according to
where ∆t j = ∆t j, obs (1 + z) −1 is the duration of the monitoring session of a source on the j th night, corrected for the cosmological redshift z, and N j is set equal to 1 if microvariability was detected, and otherwise to 0 (Stalin et al. 2004 ). This estimate is essentially the ratio of the number of nights a source is found to be variable to the total number of nights it was monitored; ∆t j is used to weight to the monitoring duration for the evaluation of DC. We compute the DC using intra-night light curves in V-filter because it was the passband used for monitoring all the nights in this study.
The computed microvariability DC for the light curves in V-band, consisting of 18 nights on 7 blazar sources, is 45% (55% if PV cases are also included).
We have performed a sanity check by computing the number of 'Type 1 errors', or the false positives, for our data set. A false positive arises due the rejection of a true null hypothesis by a test, when applied to a non-varying DLC and is solely dependent on the α value set for the test and the number of DLCs. We note that for our data set consisting of 18 steady star-star DLCs in V-filter, the means of the expected numbers of false positives are 0.2 and 1 for α = 0.01 and 0.05, respectively. Since the distribution of false positives is expectedly binomial, for α = 0.01 the number of false positives should in fact be scattered between 0 and 2, and for most of the cases around 0.3 ± 0.5. Similarly, with α = 0.05, the number of false positives should lie between 0 and 5, and should largely cluster at 1 ± 1. Meanwhile, the observed numbers of false positives reported by the application of the F−test (see column 10 of Table 3 ) is 0 for α = 0.01 and 0 for α = 0.05 (V-filter). The good agreement between the expected and the observed numbers of false positives provides validation for our analysis procedure. (8) and (9) mean values (in case of no change) or minimum and maximum when PD or χ variability was noted, respectively; (10) F−value and variability status for the total flux density measurements from the polarization monitoring (Eq. 5; Section 4.1). For these measurements, however, the η is set at 1 as the blazar flux densities are obtained using the comparison star measurements in the standard photometric system. We note that the total flux density intra-night light curves resulting from polarization monitoring are not included in the derivation of flux density microvariability DC because these measurements do not provide the comparison star light curves which are needed to obtain the expected number of false-positive, necessary for the sanity check on the analysis procedure (Section 4.1).
4.2 Analysis of α ν 2 ν 1 -flux density plane on intra-night timescales Figure 3 shows the evolution of spectral index as function of flux density on the monitoring sessions when significant flux variability was detected (see, Table 4 ).
Analysis of intra-night polarization light
curves: flux density-PD, χ−flux density, and PD-χ planes
We note that on the majority of the monitoring sessions, the polarization light curves gathered by us consist of 20 or fewer data points (Table 5) , sometimes with big gaps in the light curve and large measurement uncertainties (Table 5 ; Figure 2 ) due to bad weather or the flux density states of the blazars. Therefore, the polarization behaviour is examined further only for the few sessions for which the good quality intra-night polarization monitoring data were available. Figure 4 presents the evolution of flux density, both as a function of PD and χ and the evolution of PD as a function χ of the sources for those selected sessions. Figure 5 shows the joint plots for the blazar sources for which multiband total flux density and polarization intranight light curves were strictly simultaneous from different sites. These agree within the errors.
Analysis of simultaneous flux density, colour, and polarization microvariability monitoring
4.5 Analysis of α ν 2 ν 1 -flux density plane on long-term timescales Figure 6 shows the long-term evolution of spectral index as a function of flux density for the blazar sources which were monitored on more than one occasions during the study. Figure 7 presents the long-term polarization variability for the blazars monitored on more than one occasion. Unlike for the intra-night polarization light curves, quite substantial changes in total intensity, PD and χ are noted whenever our observations extended over timescales of months to years.
Analysis of long-term polarization light curves
RESULTS
Considering the myriad features shown by blazars on both intra-night and long-term timescales, we provide specific notes on variability shown by sources that emerge from this study. (i) 0109+224: This is a intermediate-frequency peaked BL Lac object (Abdo et al. 2010b) . We could gather the total intensity data on one occasion (Table 3, Figure 1 ) and polarization data on two occasions (Table 5, Figure 2 ). The blazar appeared to show an apparent ≈10 percent amplitude variability but was assigned a 'probable variable' status in the B-and V-bands and a 'non-variable' status in R-band because the star-star DLC itself turned out to be variable (Table 3 ). The polarization intra-night curve is shown only for the monitoring conducted on 2015 November 13 (Figure 2) ; as we could gather only three data points on 2015 December 16. The PD remained stable at ≈13 percent with about 20 deg change in polarization angle between the two occasions (Table 5; Figure 7 ).
(ii) 3C 66A: This blazar is classified as an intermediatefrequency peaked BL Lac object (Abdo et al. 2010b ). It was monitored on two nights in total intensity (Table 3, Figure 1 6.4 6.5 6.6 6.7 6.8 6.9
Flux density (mJy) only mild variations in total intensity are detected with no changes in PD or χ. Simultaneous monitoring in flux density and polarization was successfully conducted on 2015 October 19 ( Figure 5 ). On longer timescales, the blazar shows no change in the spectral index (∼1.5) when the flux density decreased by ≈ 10 percent in about one month (Table 4 ; Figure 6 ). 3C 66A's PD ranges from ≈5 percent to over 10 percent and χ fluctuates by ∼15 deg on the night of 2015 October 19 (Table 5 ). Its flux density dropped by ≈7 percent between the two sessions, which were separated by 25 days, while the PD and χ remain essentially steady during the latter observation, though we note it was limited to 3 measurements ( Figure 7) .
(iii) S5 0716+714: This blazar is classified as an intermediate-frequency peaked BL Lac object (Abdo et al. 2010b ). The total intensity monitoring was carried out in V-and I-bands on three occasions where it exhibited persistently 'confirmed' variability in both bands (Table 3 ; Figure 1) . The ψ ranged between 3 to 25 percent on a given night. Confirmed colour variability is noted on two nights while a 'probable' status is assigned for 2015 February 9 ( Table 4 ; top panels of Figure 3 ). Polarization monitoring was carried out on eight nights with light curves presented for five occasions (Table 5 ; Figure 2 ). The flux density in the R-band shows 'confirmed' variations on four occasions, with changes in PD of a few percent and in χ by a few degrees being noted (Table 5 ).
The two-point spectral index exhibits a clear counterclockwise loop on 2015 January 11 (Figure 3) . On 2015 January 15, however, the spectral index seems to flatten as the flux density decreases (Figure 3) . No clear pattern is noticed on 2015 February 9. In polarization data obtained on 2015 January 15, a monotonic decrease in PD (10 percent to 3 percent) with an increase in flux density (10 percent) and a rotation of χ by 8 deg is noted (Figure 4) . Exactly the oppo-site trend is noted on 2017 March 24 where the PD increased (16 percent to 19 percent) as the flux density decreased by 10 percent and χ rotated by 8 deg (Figure 4 ). However, no trend is discernible for PD-flux density, χ-flux density or PD-χ plane for 2015 March 25 (Figure 4) . Incidentally, 2015 January 15 is also the night when simultaneous flux density and polarization monitoring was available for the blazar for 1.5 hours (17.5 to 19 UT; Figure 5 ). During this time, a nearly monotonic increase of flux density (5 percent) with a flattening of spectral index (1.6 to 1.45), decrease in PD (2 percent) and a stable χ (152 deg) is observed. On longer-term timescales, a steepening of the spectral index (1.28 to 1.53) with a 25 percent increase in flux density over four days is recorded. The spectral index flattens back to the initial value (1.3) with the flux density decreasing by 60 percent over 25 days when it was last monitored by us (Figure 6) . The long-term polarization variability for the blazar shows a variable PD (6-20 percent) but a stable χ ≈155 deg (Figure 7) .
(iv) OJ 287: This blazar is classified as low-frequency peaked BL Lac object (Abdo et al. 2010a) and was most frequently observed during our monitoring programme (Table 3; Figure 1 ). It showed 'confirmed' microvariability on four occasions in all the passbands February 20, 2016 February 6, 2016 March 7, 2016 April 2) and on two occasions the results of microvariability detection in passbands were different (2015 February 12 and 2016 April 4). Significant colour variability was detected on 2014 February 20 and 2015 February 12 (Table 4) . We saw a mild hint of a counter-clockwise loop in the spectral index-flux density plane on 2014 February 20 (Figure 3) , while no discernible trend was seen on 2015 February 12 (Figure 3) .
Polarization monitoring was carried out on seven occasions (Table 5; Figure 2 ). On 2014 February 20, along with the previously mentioned hint of counter-clockwise loop in . the PD-flux density plane a clockwise loop in the χ-flux density plane was seen accompanied by a small monotonic decrease in PD (2 percent) and with a rotation of χ by 8 deg (Figure 4) . The total intensity varied in all bands on 2014 February 20 and 2016 April 4 while the spectral index varied only on 2014 February 20 (Tables 3 and 4 ). From the analysis of long-term variability, the blazar showed a variety of features in the spectral index-flux density plane ( Figure 6 ). At first, the different flux density states of OJ 287 could be characterized by a 'mean' spectral index (≈1.5). Later, the same flux density states appear to have significantly different spectral indices (1.9 and 1.3 on nights marked as 1 and 2). Steepening of the spectral index with the increase of flux density (between observing epochs 2 and 3) was observed as well as no change in spectral index (between epochs 3 and 4, 4 and 5, 5 and 6; see also Table 4 ). The flux density changed by ≈100 percent over a timescale of two months (between epochs 4 and 6). Similarly, the PD ranged between 2-17 percent and χ rotated by 90 deg over the two year timespan covered by us ( Figure 7) .
(v) 3C 279: This blazar is classified as a low-frequency peaked FSRQ (Abdo et al. 2010a) . We could monitor it only in polarized light, also resulting in R-band total intensity (Table 5, Figure 2 ). The total flux density varied on two occasions (2016 April 30 and May 1; Table 5 ). PD and χ apparently remained rather stable; however, this could be due to the relatively poor signal to noise ratio of these measurements. Considering the long-term variability of 3C 279, the total intensity changed by 50 percent, the PD from 5 to 18 percent and χ by 100 deg, over the one year timespan covered in this study (Figure 7) .
(vi) PG 1553+11: This is a high frequency peaked BL Lac object (Abdo et al. 2010a ) which remained 'nonvariable' during a single total flux density monitoring session (Table 3, Figure 1 ).
(vii) CTA 102: This blazar is classified as low-frequency peaked FSRQ (Abdo et al. 2010a ). The intra-night monitoring in flux density was carried out on two nights and polarization was measured on three nights. This blazar did not show variability in flux density (Tables 3 and 5) or in spectral index (Table 4 ). Simultaneous monitoring was conducted on 2015 October 13 and 15 with no changes detected in flux density, PD, and χ during either night ( Figure 5) . Nonetheless, the blazar flux density did show a ≈30 percent decrease over two days while the spectral index remained steady ( Figure 6 ). Our polarization data for CTA 102 shows about a 25 percent change in total intensity with no changes in PD (around 5 percent) and χ (about 160 deg) over the long-term monitoring (Figure 7 ).
(viii) 3C 454.3: This blazar also is classified as lowfrequency peaked FSRQ (Abdo et al. 2010a) . It was monitored on a single occasion in total intensity where it showed 'confirmed' variability in R-band and 'probable' variability in V-band (Table 3) ; the colour remained steady between the two passbands ( Table 4 ). The polarization monitoring was carried out on two occasions and significant variability was noted in flux density, PD and χ on both nights (Table 5 ). On 2015 October 16, the sampling was particularly good, so that the target was monitored continuously for the total duration of about six hours, during which a clear flux enhancement episode could be seen, including both the rising and the decaying phases. As a case study, we have analysed this particular dataset in Appendix A in more de- UT (hr) Figure 6 . Variations of spectral index as function of flux density for the blazar sources for which the intra-night monitoring was carried out on more than one occasion. Different symbols represents different monitoring sessions while colours show the UT (hr) time during the monitoring session; the numbers give the sequence of observing nights for the blazar in chronological order (Table 3) tail, attempting to separate the "base emission component" from the "flaring emission component". Unfortunately, none of the multiband total intensity and polarization monitoring sessions overlapped. On 2015 October 16 a hint of an increase in the PD as the flux density increases is noted in the PD-flux density plane, while χ remains stable at ∼ 210 deg (Figure 4) . During the polarization monitoring carried out on 2015 October 17, counter-clockwise loops in the PDflux density and χ-flux density planes, respectively, seem to be present, though no clear evolution in the PD-χ plane was seen (Figure 4 ). Between those two consecutive nights the polarization data show a 10 percent intensity change, but also essentially constant PD (∼ 7 percent), along with a ∼30 deg change in χ (Figure 7) .
DISCUSSION AND CONCLUSIONS
Microvariability in blazar sources has gathered special attention, partially because of the requirements of very efficient particle acceleration and very fast energy dissipation mechanisms necessary to produce it. Particularly challenging are the high-amplitude flares with well-defined rise and decay profiles which allows for size estimation of the emission zone from flux density doubling arguments. As such, these timescales occasionally violate the shortest 'characteristic' variability timescale provided by the light-crossing timescale (t lc ) of the event horizon of the SMBH (∼15 min for 10 8 M ; Begelman et al. 1984 , where t lc = r g /c = G M/c 3 where r g is the gravitational radius, G is the gravitational constant, M is the mass of SMBH, and c is the speed of light). Nonetheless, variations on intra-night timescales most often constitute monotonic increases or decreases in intensity, indicating sizes > 10 15 cm (R ∼ c δ t var for δ =10 and taking t var = 5 hr from the typical length of the intra-night monitoring session) at least in the simple, and frequently employed, single emission zone scenario. Such sizes could then be related to the distance of the dissipation site (r) from the central SMBH by R rθ j for a conical jet with an opening angle, θ j = θ obs ∼ 1/Γ, where θ obs is the angle between the jet axis and the observer's lines of sight and Γ is the jet Lorentz factor (Sikora et al. 1994) . For the popular internal shock scenario of particle acceleration, shells of relativistic plasma, ejected intermittently from the center (with a larger dispersion in bulk velocity), collide with each other at a characteristic distance r ∼ r g (Γ/10) 2 (Spada et al. 2001; Moderski et al. 2003) . The flux variability on hourly timescales noted here would then be compatible with particle acceleration by internal shocks. However, in such a scenario, a correlation between the flux and PD changes are expected, because of a compression of the jet plasma with initially tangled (by assumption) jet magnetic field at the shock front. Several observations for individual blazars on a night-to-night basis presented in the literature conforms to this model, possibly with some minor modifications or additions (e.g., Hagen-Thorn et al. 2008; Itoh et al. 2013; Covino et al. 2015; Bhatta et al. 2016) .
In our data set, we observe a variety of flux-PD variability patterns, including clear instances with a relatively straightforward anti-correlation (S5 0716+714 on 2015 January 15 and 2017 March 23), correlation (3C 454 on 2015 Oc-tober 16), counter-clockwise looping (OJ 287 on 2014 February 20), but also instances with no obvious correlation pattern (S5 0716+714 on 2017 March 24, OJ 287 on 2016 February 7, 3C 454 on 2015 October 17). It is, however, worthwhile noting that whenever we see any order in the flux-PD changes, it is reflected at the same time in the flux-χ plane, or equivalently the PD-χ plane (see Figure 4) . In particular, the anti-correlation between the flux and PD seen clearly in S5 0716+714 on 2015 January 15 and 2017 March 23 are accompanied by an anti-correlation between the polarization angle χ and flux, while the counter-clockwise flux-PD looping behaviour noted for OJ 287 on 2014 February 20 is accompanied by a clockwise looping in the flux-χ representation (a similar pattern of variability to what has been noticed for the blazar 3C 454.3 in Gopal-Krishna et al. 2019, based on the extensive observations reported by Gupta et al. 2017) . This piece of evidence seems to suggest that in order to fully understand the physics behind the intra-night variability of blazar sources, a three-dimensional parameter space of a flux, polarization degree, and polarization angle has to be considered. This still could possibly be reconciled with the internal shock model, if one allows for example for a changes in the shock angle (i.e., the angle between the shock normal and the line of sight) during the shock evolution along the outflow (see, e.g., the discussion in Bhatta et al. 2015) , and/or for a presence of a partly ordered magnetic field (e.g., in a form of a helical distortion flowing through the shock; see Perlman et al. 2011) .
It should be emphasized, however, that the results of polarization microvariability monitoring indicate variable PD and χ only on a few occasions (Table 5) ). For about half of these instances, the quality of polarization measurements is poor (low signal to noise ratio, too few data points, or big gaps in the light curve). Therefore, we give the mean values of total flux density, PD and χ for the monitoring session considered (Columns 4, 5, 6 of Table 5 ). The PD turns out to be between 2 and 23% with a factor of few changes seen over the timescale of days/months for a given blazar source. The mean χ also showed significant variability over days/months timescales during the monitoring campaign (Table 5, Our study using quasi-simultaneous B, V, R, and Iband intra-night light curves allowed us to estimate the two-point spectral index for several intra-night monitoring sessions (see Table 4 ). The mean α during our monitoring programme ranges from 0.68 up to 1.87. Moreover, out of 10 cases where statistically significant flux microvariability was detected (Table 3) , 'confirmed' colour microvariability status is seen on four nights and a 'probable' variable status is assigned on one night (Table 4 ). This means that the 'colour' is likely to be seen to vary on about half of the instances when significant flux density microvariability is detected in a sample, or, conversely, 'achromatic' flux microvariability is expected on about half of the monitoring sessions, i.e., the colour microvariability DC is ≈50 percent. It is, however, important to note that 'colour' or spectral index variability is a second order variation (as compared to flux density variations) and therefore is harder to detect due to bigger statistical errors on spectral index measurements arising solely from error propagation. Moreover, since we are severely limited by small number statistics in deriving a duty cycle (sample of 7 blazars monitored on 18 intra-night sessions, where flux density microvariability is noted on 10 occasions), this should only be considered as a crude estimate of a colour microvariability duty cycle for blazar sources.
The reported spectral indices are typically > 0.5, implying steep energy spectra of the emitting electrons (even taking into account spectral steepening due to radiative losses), consistently with what was established in the previous multiband optical (and optical-NIR) observations of the studied targets and other blazars of a similar type (e.g., Agarwal et al. 2015; Bachev 2015; Gupta et al. 2016) . Such steep electron spectra with the corresponding power-law energy indices > 2 are in principle what could be expected if the dominant electron acceleration mechanism is the Fermi type I process operating at mildly-relativistic/relativistic shock waves (see Sironi & Spitkovsky 2009 , in accord with the internal shock scenario. But again, within the framework of this scenario, various correlation patterns between the flux and the spectral index are expected depending on particular relations between the acceleration and cooling timescales; in particular, a clockwise looping in the flux-spectral index plane ("hard lagging") is expected if both timescales are comparable, while a counter-clockwise looping ("soft-lagging") is expected if the acceleration timescale is much shorter than the cooling timescale (Kirk et al. 1998) . Interestingly, for S5 0716+714 observed on 2015 January 11, we clearly see a soft-lagging (the spectrum hardens during the flux rising phase, and softens when the flux decreases; see Figure 3 ). A similar behaviour can be also noted for OJ 287 on 2014 February 20, and this evolution, is notably accompanied by a counter-clockwise looping in the flux-PD plane, as well by a clock-wise looping in the flux-χ plane (see Figures 3  and 4 ). On the other hand, in the case of S5 0716+714 on 2015 January 15, we see a a clear spectral flattening with the decreasing flux, which could be a part of a hard-looping cycle.
When comparing data on these blazars taken over longer timescales, a few percent to a factor of a few changes are noted in total flux densities ( Figures 6, 7) . The twopoint spectral index, however, shows a complex long-term behaviour with no preference of spectral state as a function of flux density ( Figure 6) . A detailed discussion of the linkage between the optical flux density and polarization variability of blazars is precluded at this stage due to the rather large variation in the data quality and temporal coverage achieved for the blazar sample covered in this study. Nonetheless, we would like to highlight that by far, the clearest example of chromatic variability found in the present study -both on the short (intra-night) and also long timescales -is for the intermediate-frequency peaked BL Lac object S5 0716+714: as noted in the previous paragraph, during its monitoring on 2015 January 15 its V-I spectral index showed a flattening from 1.6 to 1.45 as its V-flux density decreased from 56.5 mJy to 55.5 mJy on hour-like time scale, and an analogous pattern was displayed by this source on month-like time scale, when its V-I spectral index flattened from 1.53 to 1.28 as its V-flux decreased from 32 to 17 mJy in the course of 25 days (Sect. 5, Figure 6 ). The sense of this correlation is opposite to the bluer when brighter behaviour typically observed for BL Lac objects (Sect. 1).
Finally, we comment that for the observations analysed here, the computed flux microvariability DC, using 18 nights' monitoring of 7 blazars, turns out to be ∼45 percent (Table 3) , similar to that previously obtained for the blazar source population, in general, of ∼40 percent (Goyal et al. 2013b) , and much higher than that found for nonblazar AGN (Goyal et al. 2012) . In this respect, the targets selected in our monitoring are representative for the blazar population. Figure A1 presents the polarization data set for the blazar 3C 454.3 on 2015 October 16. On this occasion, a clear, approximately symmetric, microflare was observed with almost exponential rise and decay times of ∆t ≈ 4.0 hr. The total flux increased by ∼ 10 percent in ≈1.5 hr. Here, we attempt to separate the microflare (shown within the inner set of dashed vertical lines in Figure A1 ) emission from the slowly varying base emission from the blazar. We evaluate the parameters of this microflare emission, assumed to be a separate emission component superimposed on a slowly varying background component. The Stokes parameters are used to describe the polarized emission and are given as
where F is the flux. We assume that the observed emission is arising from two components in the blazar jet, the fast varying flare component (index 1) superposed on a slow varying background emission (index 0). To perform this decomposition we use the linearly additive properties of total flux and the Stokes Q and U intensities (Pacholczyk 1970) , using the following relations
The polarized flux (PF) is obtained as PF = PD × F In the modelling, all background emission components (F, Q, U) are fitted to the emissions observed before and after the microflare and it is assumed that the background is changing linearly within the microflare duration (Fig. A1 ). Once the background intensities, F 0 , Q 0 and U 0 are estimated, we subtract them from the total emission using the above expressions to obtain F 1 , Q 1 and U 1 for the flaring component. With these parameters, we then evaluate the microflare parameters PF 1 , PD 1 , and χ 1 using the standard expressions and show them in Figure A2 . Additionally, in Fig. A3 we present the PD 1 vs. F 1 and Q 1 vs. U 1 plots for the microflare emission component. We note that derived microflare intensities hint of a systematic rotation of the polarized flux in the (Q, U) plane. The statistical uncertainties on the parameters of the microflare are derived using standard error propagation (Bevington & Robinson 2003) .
Our simple decomposition of the total intensity into slowly varying base and flaring components indicates that the the microflare component is highly polarized, with PD 1 ≈ 22% − 55% (± 8%-22%) as compared to the much less polarized slowly varying base emission with PD 0 ∼ 5%(± 0.3%). This implies the presence of a highly ordered magnetic field in the microflare emission region ( Figure A2 ). The polarization angle of the microflare component is χ 1 ∼ 18 • -31 • (± 3-11 • ), slightly different from the slowly varying base component with χ 0 ∼ 31 • (± 1 • ). It is important to note that these χ 0 and χ 1 are very different from the VLBI jet position angle (≈ −98±10 • ; Jorstad et al. 2017) . From inspection of Fig. A3 , we note an indication of the microflare exhibiting loops in the (PD, F) and (Q, U) planes. Therefore, the well-resolved microflare shown by 3C 454.3 when polarization monitoring is available shows a highly polarized flare component, similar to that obtained for the blazar S5 0716+714 (PD ≈50 percent; Bhatta et al. 2015) . The spatial scale of the microflare emitting region must be quite compact: smaller than ∆t · c ≈ few × 10 14 cm.
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